Abstract Human activities and climate changes significantly affect our environment, altering hydrologic cycles. Several environmental, social, political, and economical factors contribute to land transformation as well as environmental changes. This study first identified the most critical factors that affect the environment in Al-Anbar city including population growth, urbanization expansion, bare land expansion, and reduction in vegetation cover. The combination of remote sensing data and fuzzy analytic hierarch process (Fuzzy AHP) enabled exploration of land transformations and environmental changes in the study area during 2001 to 2013 in terms of long and short-term changes. Results of land transformation showed that the major changes in water bodies increased radically (94 %) from the long-term change in 2001 to 2013 because of water policies. In addition, the urban class expanded in two short-term periods (2001-2007 and 2007-2013), representing net changes of 46 and 60 %, respectively. Finally, barren land showed 25 % reduction in the first period because of the huge expansion of water in the lake; a small percentage of growth gain was observed in the second period. Based on the land transformation results, the environmental degradation assessment showed that the study area generally had high level of environmental degradation. The degradation was mostly in the center and the north part of the study area. This study suggested for further studies to include other factors that also responsible for environmental degradation such as water quality and desertification threatening.
Introduction
Environmental degradation is one of the big issues that many governments are facing, especially in undeveloped and developing countries, where inappropriate regulatory enforcement and ineffectual monitoring systems have led to degradation of natural resources. Environmental degradation is caused by the changes brought about by human activities and regional climate over time. Environmental degradation has been causing serious problems worldwide, especially in the arid and semiarid areas because of ecosystem vulnerability (Feng et al. 2006; Jabbar and Zhou 2011; Hadi et al. 2014) . Iraq, especially the middle and southern regions, is similarly exposed to the problem of degradation in the eco-environment. The area that is susceptible to degradation is estimated to be 1 million (Hadi et al. 2014) . Land use/land cover change (LULCC), defined by Meyer and Turner (1992) as the transformation of land or replacement of one land cover type to another on the Earth's surface, is an important aspect to be considered when studying environmental degradation. Several factors that play a significant role to LULCC have been identified in various studies. Groeneveld et al. (2003) discussed three different factors that have important role to LULCC, including technological and economic considerations, biophysical factors, and political and institutional arrangements. In addition, military conflicts in countries at war such as Iraq are also considered as an important factor (Al-doski et al. 2013) . Furthermore, Liu et al. (2014) mentioned that urbanization is the main cause of LULCC in the Southwest China Karst area. Changes in land use/land cover (LULC) have been identified by Berakhi et al. (2015) , which resulted from other contributing factors, including population growth, biophysical drivers, and local policy changes.
LULCC has important environmental consequences at local, regional, and global scales. At the regional and global scales, these changes have profound implications for global radiation and energy balances, alterations in biogeochemical cycles, perturbations in hydrological cycles, and loss of biodiversity at genetic and species levels (Lambin and Geist 2006; Bewket and Abebe 2013) . At the local scale, changes in the use of land and its cover affect watershed runoff, microclimatic resources, groundwater tables, land degradation processes, and landscape level biodiversity (Lambin and Geist 2006; Bewket and Abebe 2013) . Monitoring and assessing environmental degradation level are essential to detection of the changes in different LULC classes at different times. This task is ideally achieved by the integration of remote sensing and Geographic Information System (GIS) techniques. Digital change detection is the process of determining and/or describing changes in LULC properties based on co-registered multi-temporal remote sensing data. Studying the changes in LULC and its impact on the environment using remote sensing is cost-effective and timeefficient, especially in regional areas, compared with conventional methods. Landsat imagery can be used to identify LULCC and the factors that contribute to environmental degradation (Hadeel et al. 2011; Jabbar and Zhou. 2013 ). The spatial-based detection of variation in LULCC requires coregistration of multi-temporal images, a task readily achievable in GIS. GIS is an efficient tool for analyzing and visualizing the current state and changes in LULC.
Therefore, this study aims to identify the changes in LULC as a first assessment and then map the environmental degradation based on the conversion changes of land cover class over a part of Al-Ramadi city in Iraq using Fuzzy AHP, remote sensing, and GIS techniques. Results of the current study would help in the environmental and land degradation assessment of the ministry of environment of Iraq by providing a clear and step-by-step guideline.
Methods

Study area
The study area is located in the Al-Ramadi district, which is the capital of Al-Anbar Governorate. Geographically, the area is bounded within longitude 42°60′ 0″ to 43°45′0″E and latitude 32°55′ 0″ to 34°10′ 0″ N, with a total area of 1027 km 2 . The city center is located within the study area, which is 110 km from the west of Baghdad, the capital of Iraq (Fig. 1) . The population of the city increased in different rates during the last six decades because of various contributing factors, including political, economic, and security circumstances. The population recorded in 2013 was about 406,219. This area was selected for this study area because of the following reasons: the passage of the Euphrates River at the upper part of the city, the Al-Warrar River channel divides the city into two parts, and its closeness to Baghdad. Moreover, the human and natural changes that occurred after war in Iraq in 2003 are also included.
Dataset
In order to study land transformations and their impacts on environment of the study area, several remote sensing and ancillary data were collected at different periods. The following sections describe the main datasets used to model the land transformations in the study area.
Remote sensing data
Cloud-free Landsat images [Landsat-5 Thematic Mapper TM, Landsat-7 Enhanced Thematic Mapper Plus (ETM+), and Landsat-8 Operational Land Imager (OLI)] of the study area were collected from the website of the US Geological Survey (USGS; available online at http://glovis.usgs.gov/). Three images for 2001, 2007 , and 2013 within WRS-2, path 169 row 36 datasets were selected respectively at near anniversary acquisition data (Fig. 2) . The thematic mapper (TM) is the second generation of Landsat, which is a more advanced sensor (Lillesand et al. 2008) . The Landsat-5 TM sensor has a spatial resolution 30 m × 30 m, with a spectral resolution of seven bands, which are in visible bands (blue, green, and red), near infrared, and middle infrared, and thermal bands. The temporal and radiometric resolutions are 16 days and 8 bits, respectively. The Landsat-7 ETM+ has similarity in orbit and resolution characteristics compared Landsat-5 TM, with one additional band (the panchromatic band) having 15 m spatial resolution. The Landsat-8 OLI sensor has two additional bands in the multispectral bands compared with the Landsat-7 ETM+, as well as deep blue coastal/aerosol band and a shortwave-infrared cirrus bands with a spatial resolution of 30 m × 30 m (details are shown in Table 1 ). Landsat images were used in this study because of their high temporal resolution, which helps in finding images in almost time needed, as well as their spectral resolution. Furthermore, high spatial resolution satellite image from RapidEye satellite with 60 cm spatial was prepared to help in the selection of training samples for image classification.
Ancillary data
In this study, various types of ancillary data were collected to evaluate the accuracy of the classification results. The digital elevation model of ASTER satellite was downloaded from the USGS website to support the GIS modeling. In addition, for supporting the selection of training/testing samples as well as preparing final products, an AutoCAD file for fundamental development of Ramadi city was provided. Finally, GIS database of multi-layers over the study area was used such as administrative boundaries of Iraq and Ramadi districts ( Table 2) . 
Preprocessing of remote sensing data
Every satellite image contains a number of errors. The series of steps of correcting these errors is termed as preprocessing. These steps are applied to the images before analysis (Jensen 2005) . The purpose of preprocessing is to reduce the radiometric and geometric errors caused by internal and external conditions. Geometric and radiometric corrections are important preprocessing steps, especially in the application of change detection (Richards and Jia 2006) . According to Jensen (2005) , the common steps of preprocessing that are applied especially for applications of change detection using multi-temporal satellite imagery include geometric correction, radiometric normalization, and atmospheric correction. The dataset used in the current study was initially corrected by the USGS for geometric and radiometric errors.
To overcome atmospheric effects, atmospheric correction is performed to reduce the influence of atmospheric scattering within each scene. Different atmospheric correction methods are available, which have different complexity range depending on the measurement of atmospheric effects and properties, which are rarely available. Dark object subtraction (DOS) is a simple image-based correction procedure. This approach is the simplest and is widely used in many applications, especially in change detection and image classification studies (Jakubauskas 1996; Huguenin et al. 1997; Song et al. 2001) . In ideal condition, a dark object has zero radiance in all wavelengths, whereas it assumes that water, shadow, and dense forest within the satellite image have near 0 % reflectance in the DOS method.
Processing
Classification scheme
Classification scheme is the framework for organizing and categorizing land cover/land use classes that can be extracted from the image data (Thapa and Murayama 2009) . A proper classification scheme includes classes that are both important to the study and discernible from the data on hand (Anderson et al. 1976) . Defining the classes of the classification varies from agency to another depending on the goal of classification. Two of the most popular classification schemes, Anderson and NLCD 92, were used in this study to prepare the modified scheme to fit the study purpose. The following four LULC types were identified in this study: water bodies, vegetation, urban, and barren land. The description and identification of the aforementioned LULC classes of the study are provided in detail in Table 3 .
Image classification
Image classification is the most commonly used approach for monitoring landscape changes. The concept of image classification in remote sensing is based on the idea that various features on the Earth's surface have different spectral responses. He and Yin (2009) defined image classification as the process of grouping the pixels of an image into categories or classes, with identification labels in thematic presentation. Two major procedures of image classification are available to carry out different applications in remote sensing, namely, supervised and unsupervised classifications.
In the supervised classification approach, the spatial patterns in the image dataset are evaluated by the computer using predefined decision rules to determine the identity of each pixel. Supervised classification requires input from an analyst to automate the classification algorithm and associate the pixel values with the correct land cover category (Jensen 2005; Lillesand et al. 2008; Thapa and Murayama 2009) . Several algorithms can be used to obtain the classification results in a supervised classification, such as maximum likelihood, parallelepiped, and minimum distance. Although many algorithms have been developed as supervised classification algorithms, maximum likelihood is still one of the most commonly used (Jensen 2005) . Several researchers use the maximum likelihood classifier to categorize satellite images with good accurate result. In the current study, supervised classification with the maximum likelihood classifier (MLC) was performed with the ENVI 5.1 software using all multispectral bands of Landsat images from 2001, 2007, and 2013 .
Accuracy assessment
Accuracy assessment and validation are used to express the degree of correctness of the classified image obtained from image processing through the classification processes (Grenier et al. 2008; Foody 2002) . Accuracy assessment is one of the important steps in LULC change detection analysis. Overall accuracy and Kappa coefficient are generally used to evaluate the image classification and compare the different results of various classification methods (Congalton 1991 ). An overall accuracy of 92.88, 95.74, and 94.30 % was achieved in this study for 2001, 2007, and 2013, respectively; other details are shown in Table 4 .
Change detection
Change detection through post-classification comparison method was used in this study. This method compares two classified images (Thematic maps) pixel by pixel and marks the changes (Hadi et al. 2014 ). This method was applied using two types of software: ENVI and ArcMap. The matrix of change was extracted, which shows the quantitative behavior of the changes, including the amount and percentage and the spatial pattern maps of the changes during the period of 2001 to 2013.
Environmental degradation modeling
After identifying and analyzing the overall change in LULC, a GIS model for environmental degradation assessment was developed in this study by creating an index using the Fuzzy AHP method. The overall method in this section is shown in Fig. 2 . First, the change thematic maps were used to produce the growth and degrade the maps for each class (factor). Suitable weights can then be assigned to each factor and each evaluation item using the Fuzzy AHP technique. Finally, the developed model was used in GIS to produce the final environment.
Formulation of environmental degradation index using fuzzy AHP To produce an environmental degradation index (EDI) map, the affected factors must first be identified and ranked based on their priority. In this study, five criteria and four evaluation items were identified and evaluated. These criteria are vegetation cover (V), drifting sand (DS), population pressure (P), urbanization rate (UR), and surface water (SW). Meanwhile, the inputs include light, moderate, high, and extreme, which also need to be weight assigned (Fig. 3) . Fuzzy AHP technique uses the fuzzy set theory to express uncertain comparison judgments as fuzzy numbers. Given that fuzziness and vagueness are common characteristics in many decision-making problems, a Fuzzy AHP method should be able to tolerate vagueness or ambiguity. The main steps of Fuzzy AHP include the following: (1) Structuring decision hierarchy. Similar to conventional AHP, the first step is to break down the complex decision making problem into a hierarchical structure. (2) Developing pairwise fuzzy comparison matrices. A prioritization problem at a level with n elements is considered, where pairwise comparison judgments are represented by fuzzy triangular numbers. Similar to conventional AHP, each set of comparison for a level requires n (n − 1)/2 judgments, which are further used to construct a positive fuzzy reciprocal comparison matrix. (3) Consistency check and deriving priorities. This step checks for consistency and extracts the priorities from the pairwise comparison matrices. The final step aggregates the local priorities obtained at different levels of the decision hierarchy into composite global priorities for alternatives based on the weighted sum method. Overall method of Fuzzy AHP applied in the current study is shown in Fig. 4 . The first stage in Fuzzy AHP is to evaluate the inputs using the normal AHP method. In this study, the evaluation items of the designed model are assessed using an excel sheet designed for the application of AHP multi-criteria decision support methods. The AHP pairwise comparison matrix in Table 5 shows the evaluation items that are identified for the environmental degradation model. An inconsistency index of 0.039 was achieved during the process, indicating that the weighting process was successfully conducted and the results were acceptable. The final weights obtained from the AHP method is shown in Table 6 , which will be used to develop the environmental degradation model.
The Fuzzy integral-based AHP and hierarchy fuzzy integral (HFI) models are the new calculation methods that use Choquet integrals instead of ordinal weighted sum. These models can conduct a global evaluation with interaction degree among the evaluation items, such as Bpositive evaluation,^Bnegative evaluation,^Band balanced evaluation.^The parameters of the model are the evaluation item weights and interaction index. The interaction index can be identified by the importance ratio between maximum input value and minimum input value. An interaction index of 0.6 was used in this example to balance between the minimum and maximum input data in the evaluation process. After this step, the Fuzzy integrated values can be calculated to indicate Table 7 shows the obtained Fuzzy integrated values for each input factor.
The final weights of the input factors can be calculated using the Fuzzy integrated values through the scaling method to obtain the sum of 1. Table 8 shows the final weights assigned to the input factors. These factors can then be used to develop the environmental degradation model. where EDI is the environmental degradation index, V is the vegetation cover, DS is the drifting sand, P is the population pressure, UR is the urbanization rate, and SW is the surface water.
Environmental degradation index mapping One of the most important capabilities of GIS is the ability to utilize spatial data and analysis for decision-making. ArcGIS software is used to apply the developed model of environmental degradation index for each period (2001-2007, 2007-2013, and 2001-2013) .
Results
The first result obtained in this study was the classified images for three epoch, namely, 2001, 2007, and 2013 , using maximum likelihood classification algorithms with the percentages and areas of all land cover classes (Table 9 ) over the entire of study area. In 2001, the thematic map of land cover classes shown in Fig. 8 indicates the spatial distribution of the four land cover classes. Figure 5 and Table 9 show that the dominate class is the barren land which represented around 59 % of the study area, with an area of 717 km 2 . The barren land was distributed as clusters at the south west of the study, as well as the north of the lake. By contrast, the urban class had the smallest area at around 24 km 2 , which represented 2 % of study area that is located at the northwest of the study area where AL-Ramadi city is located, and around the main road under the Euphrates River, as well as the individual houses in the cultivated area. Vegetation was clustered around the river and Al-Warrar River Channel that join the Habbaniyah Lake with the Euphrates River. Vegetation occupies the second largest percentage of study area at around 23 %, covering approximately 308 km 2 .
Finally, the same figure shows the water bodies represented as rivers and lake covering 13 % percentage of the study area.
In 2007, barren land still covers the largest amount of the area compared with other classes but lost around 25 % of its area from 2001, as shown in Table 9 and Fig. 6 . The most prominent observation was the water bodies increased dramatically compared to the data in 2001, which now represent 26 % of the total study area because of water policies. The urban class still had the least area of around 35 km Long-and short-term change detection result The short term included two periods: 2001-2007 and 2007-2013 . LULC changes were identified and analyzed for the two periods based on Figs. 8 and 9 and Tables 10 and 11. The driving forces of the changes were also identified based on the results obtained from the analysis. Among these changes, the major changes noted that the water bodies increased radically (100.227 %) from 2001 to 2007 because of the water policy at that time. This increase was followed by a slight decline because some of the water bodies were converted to cultivated land (8 %). As a result, water bodies in the study area during the studied period increased significantly. The urban class notably increased in the two periods, with net change percentages of 42 and 60 %, respectively. This increase is attributed to residential expansion and increasing population rates, especially in the Ramadi city, which is located in the left corner of the study area. Furthermore, during the second period, the security situation remained stable to some extent even with the increase in living income. In addition, vegetation inclined and decreased slightly in the aforementioned periods. During the first period, vegetation increased (4.047 %) with the increase in the water of the lake and river, thereby converting 9.71 % of barren land as planted areas, as well as the development of the irrigation systems. By contrast, a small reduction in vegetation was observed because of the reduction in the amount of precipitation. Finally, barren land showed 25 % reduction in the first period because of the huge expansion of water in the lake. Meanwhile, small percentage of growth gain was observed in the second period. In the previous section, short-term change was examined based on two periods. In this section, the 12-year period was examined to understand the trend of long-term change over the study area. After analyzing Table 12 and Fig. 10 , significant changes occurred during the period of study. Among these changes, the major change indicated that the water bodies increased dramatically around 88 % during the whole study because of the water policies, especially in the first study period. Although vegetation has lost up to 50 km 2 converted to water bodies, it gained 2 % as net change because of the expansion of farmland at the expense of barren land especially that located between Al-Ramadi city and the northeast of the Habbaniyah Lake. In other words, the increase in water of the lake and river contributed to the aforementioned expansion of vegetation. By contrast, barren land decreased from 717 to 541 km 2 to reduce about 25 %. This reduction can be attributed to the increase in water bodies of the lake toward the center of the study area, as well as the use of barren land as farmlands, especially near the northeast of the lake. The more interesting change was that happened in the urban, which increased significantly from 24.68 to 56.21 km 2 to record 127 % change, which was the highest increase during the study period. This radical expansion because of various reasons including, but not limited to, the continuous increase in population rates, the extent of the stability of security situation, and increase in living income.
Environmental degradation index results
In this study, the following five factors for environmental degradation were used: vegetation cover, urbanization rate, drifting sand, water bodies, and population pressure. Using GIS modeling with Fuzzy AHP technique, these factors were overlaid, and environmental degradation index maps were generated. Six levels for labeling environmental degradation are used to show the level of degradation. These levels include very low, low, moderate, moderate to high, high, and very high.
Based on the generated maps, most urban areas were highly sensitive to environmental degradation during the period of 2001 to 2007 (Fig. 11) . The degradation was observed in the northern-west part of the study area, especially, Al-Ramadi city center where the areas that are closed to Al-Warrar River Channel. This degradation can be attributed because of the expansion of built-up in the vegetated areas without any respecting to plans. The high weight of vegetation reduction as well as the urban expansion in the EDI led to have high level of environmental degradation. In addition, the degradation was observed in the east part of study area where AlKhalidiya city is located for the same reason, which is the conversion from vegetation cover to urban areas. In addition, the middle of study area was subjected to moderate to high level of degradation because the expansion of water that flooded the vegetated areas. The conversion of vegetation to water was not attributed to high level of degradation because the weight of this conversion is less than the conversion to urban. By contrast, the most area converted from bare land to water was attributed as low level of degradation in terms of degradation which means enhancement in environment.
In the second period 2007-2013, most of the degradation increased in the east part of Al-Ramadi city where the built-up area was expanded at the expense of vegetation cover (Fig. 12) . Moreover, high level of degradation was still observed in Al-Khalidiya city because of the continuation of converting vegetated area to built-up areas. Other high degradation level was observed along the main road that joins AlRamadi city with Al-Khalidiya city. Moreover, it is clear to realize the high degradation level mapped around the lake, which clearly indicates to the reduction of water along the shoreline of lake to be converted to bare land. By contrast, there was environment enhancement in the Middle East below the city in which some bare land used as agricultural land.
As a long-term assessment during the study period 2001-2013 (Fig. 13) , almost all built-up areas which include AlRamadi city, Al-Khalidiya city, and rural regions that are extended along the main road that joins Al-Ramadi and AlKhalidiya city as well as the area that is located in the upper right corner of study area had high levels of environmental degradation because of the uncontrolled expansion of urban areas which so-called urban sprawl. As mentioned before, in terms of environmental assessment index, this high level of degradation is attributed to the high weight of the vegetation reduction as well as the urban sprawl. In addition, the middle of study area and the agricultural parcels had moderate to high level of degradation because of the expansion of water that flooded those areas. By contrast, significant environmental enhancement was observed in the area that is extended from middle of study area toward Al-Ramadi city where the water expansion was found instead of bare land. In addition, some individual areas were attributed to high environment assessment.
Discussion
This study analyzed the land transformations and their impacts on environment in Al-Anbar city, Iraq using remote sensing imagery coupled with Fuzzy AHP technique. Generally, five critical factors were identified that contribute to environmental degradation in the study area including population pressure, urbanization rate, vegetation cover, water bodies, and drifting sand. These factors were extracted from remote sensing data and combined in GIS using Fuzzy AHP technique. Importance weight of each factor was gathered from experts and weights were averaged using geometric mean approach. Thematic maps of land transformations and environmental degradation assessment were then produced in GIS.
Validation of the produced maps was done using reference maps as well as very high-resolution satellite images.
Results of land transformation in the short-term period indicated that the study area faced a significant increasing of water bodies. Before the war of 2003, the management policy of water resources restricted the flow of water to the Habbaniyah Lake, which led to a dramatic decrease in the area of water bodies. On the other hand, after 2003, the policy of managing water resources in the study area was changed and new actions were led to increase the amount of surface water in the study area. Among other significant findings by the short-term change analysis, there was a continuous increase in urban areas due to increasing the population growth rate and migrating people from Baghdad to the study area. Vegetation covers, on the other hand, were increased in the first period and slightly decreased in the second period. The development of the irrigation systems and lack of precipitation in the study area were the main reasons for these changes in vegetation cover. In addition, analysis of long-term changes showed an increase by 88 % in water bodies, and this increase was led to increase the vegetation covers as well. Barren land decreased around 25 % which resulted in the increase in water bodies of the Lake toward the center of the study area, as well as the use of barren land as farmlands, especially near the northeast of the lake. Urban changes indicated an increase up to 127 % due to various reasons including the continuous increase in population rates, the extent of the stability of security situation, and increase in living income. Environmental degradation could mean different things from area to another depending on culture, development level in infrastructure, local environments, etc. In this study, environmental degradation was evaluated based on five factors previously mentioned. Based on the analysis of environmental degradation, significant observations were revealed, first, increasing of built-up areas without any proper planning in the northwest of the study area that degraded the quality of natural environment. Second, the middle of study area was subjected to moderate to high level of degradation because the expansion of water that flooded the vegetated areas. During the second period, 2007-2013, most the degradation was increased in the east part of Al-Ramadi city where the built-up area was expanded at the expense of vegetation cover. Moreover, high level of degradation was still observed in Al-Khalidiya city because of the continuation of converting vegetated area to built-up areas.
Proper land use planning is required for any strategic project in highly populated areas. Investigation of land cover transformations and their impacts on environmental degradations are the key concepts for proper future planning. The significance of this study is to provide insight to the land transformations and their consequences in environmental degradation. Through the fuzzy analysis considering the uncertainties in the factors contributing to environmental changes, this study provided quantitate and qualitative assessments on the land cover and environmental changes in Al-Anbar city. In addition, the integration of freely available remotely sensed data and GIS modeling, thematic maps showing the environmental degradation levels in the study area could be useful tools for future planning and improving the quality of environment and life in the city. This study used experts' opinions for judgments about the factors contributing to environmental degradation; however, more data including commercial highresolution images could enable the use of data-driven models such as frequency ratio, evidential belief function, and data mining methods for accurate regional environmental assessments. Few limitations in the current study were expected to improve in the future works that include extracting more factors from both remote sensing and ancillary data such as water quality, net primary productivity, etc. Based on the analysis of land transformations and environmental degradations, districts of the study area should be ranked and prioritized for development by small-scale strategic projects. By using more detailed data and information, factors contributing land transformations and environmental degradations can be ranked, and therefore, rapid decisions could be made by top managements.
Conclusion
This study investigated the general overview of LULC changes over Al-Ramadi city during the period of 2001-2007 and 2007-2013 as short term and 2001-2013 as long term using post-change detection technique by using ENVI and ArcGIS software. The results of the change detection analyze showed an increasing in the water bodies during 2001 and 2007 , and the change analysis showed that this was due to the water use policy at that time. On the other hand, due to the significant growing in the population and people migration from other places, urban areas were increased during that time. During the first period (2001) (2002) (2003) (2004) (2005) (2006) (2007) , vegetation gained (4.047 %) owing to the increase in the water bodies that led to convert 9.71 % of barren land to be planted areas as well as the development of the irrigation systems. In contrast, a slight reduction in vegetation cover was because of reduction in the amount of precipitation. The application of the developed model for environmental degradation assessment showed that in the first period (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the middle part of the study area had the highest risk level for environmental degradation. While during the second period (2007) (2008) (2009) (2010) (2011) (2012) (2013) , the highest risk level for degradation was found in the middle, and in the north part of the study area was the residential area distributed. The results of this research indicated that Al-Ramadi city threatens to environmentally degrade further in the coming commoners due to increased degradation of climatic conditions in the region and increase the number of the population. Therefore, the study suggested that the completion of practical projects on the ground is critical to reduce the danger coming. The future recommendation of this study is using high spatial resolution to enable getting more land use/land cover classes as well as using the field data which adds more contributing factors to the effect on the level of environmental degradation.
